Abstract: Glasses of the system {[ (TeO 2 ) 70 (B 2 O 3 ) 30 ] 70 (ZnO) 30 } 100-y (Er 2 O 3 ) y (known as EZBT) containing different concentration of Er 2 O 3 (ranging from 0 to 5 mol %) was prepared via meltquenching technique. The structural changes were studied by XRD analysis and FTIR analysis. The XRD pattern shows the glasses are amorphous. The higher concentration of Er 2 O 3 , the more unit of TeO 3 would transform to TeO 4 and formation of B-O vibrational groups. The density and molar volume were obtained attribute to non-bridging oxygen (NBO) and are found the density and molar volume of the glass system are increasing. The densities range from 3.630 g/cm 3 to 3.960 g/cm 3 . The dielectric constant ε' and dielectric loss factor ε'' which were characterized in the frequency range 10 -2 -10 6 Hz over temperature range 50℃ -200 ℃, show a larger value at lower frequency and higher temperature (above 110℃ ). The results of dielectric response measurement show that interfacial polarization at low frequency, and orientation polarization at intermediate and high frequency.
Introduction
Rare earth ions doped materials have broad band-region form ultraviolet to infrared [1] , these functional material have largest interest to study and have been widely used in many fields, such as laser protection, non -linear optical field, light communication, laser materials and photonic system [2, 3] . The choice of a suitable glass matrix is important to obtain the excellent and stable glass structure. Tellurite glasses have been extensively studied and were found to hold a lot of potential because of their superb properties that is high refractive index, high dielectric constants, an excellent infrared transmittance, good chemical durability, large third order non-linear optical susceptibility and can be prepared at low melting temperature [4, 5] . According to previous work [5, 6, 7] , ZnO -B 2 O 3 glasses with low melting point are of special interest due to their applications in different fields of electronic products, because the higher polarizability of an ions, and lower melting temperature of the substance. Boron oxide in its glassy form is a laminar network consisting of boron atoms 3-fold coordinated with oxygen which can form six membered boroxol rings (B 3 O 6 ) was reported by Krogh-Moe [6] . Borate oxide and zinc oxide will be used as the glass stabilizer to obtain the suitable glass system. The dielectric material properties of glass materials are an intrinsic effect associated to the mechanism of polarization of the permanent and induced electrically charges by an external applied electric field. The polarization contributions to the capacitance were attributed to the existence of degrees of freedom associated with permanent dipoles from the charge pairs comprised by the positive glass modifier ions either negatively charged non-bridging oxygen (NBO) or else by charge tetrahedral structural units. Erbium consist of trivalent electron (Er 3+ ) and its spectrum, characteristic and optical properties has been explored and studied by several workers [1, 3, 8, 9, 10, 11] . During recent years, there has been an increasing interest in the structure and optical properties of erbium oxide in the glass systems for example Ramamoorthy et al. [12] only discuss and focus on Er 3+ local structure and its optical properties in ZnO-PbO Tellurite glass. Several of researcher also focused on Judd-Ofelt analysis, Optical and Spectroscopic analysis, and near-infrared and up conversion emissions of various system glass doped with rare earth system glass such as Fakhra Nawaz et al. [13] [14] . A lot discussion especially on optical structure of the glass doping with rare earth had been done but none or less on dielectric properties thus it is interesting to study the dielectric properties of glass system doped with erbium oxide in order to understand the mechanism of polarization in these systems. These rare earth ions enter the glass networks as modifier by breaking up the random network, thereby leaving the NBO in the B 2 O 3 glass lattice [3, 11] . The scope of present work is to study the effect of dielectric mechanism with respect to temperature, frequency and composition.
Methodology
The raw materials of tellurium (IV) oxide, TeO 2 )y where the quantities are taken in mol% and y=0.05, 1, 2, 3, 4 and 5 in mol%, prepared by melt-quenched technique. These raw materials was weighed accurately and mixed thoroughly. The batches were placed in alumina crucibles and melt in electrical furnance at temperature 400 ℃ for 30 minutes as preheated in order to reduce any tendency towards volatilization and then transferred to a second furnance where it was held at 900 ℃ for 2 hour. The alumina crucible was used because it can withstand high temperature and did not reach with the raw materials during the melting process as compared to porcelain crucibles [15] . The molten glass was then poured into stainless steel cylindrical shaped split mould which had been preheated at 350 ℃ for 30 minutes. The sample was later placed into the annealing furnance at temperature 400 ℃ for 1 hour. After that, the furnance was shut down and annealed at room temperature for 24 hour. The prepared glass samples were free from bubbles and pink in colour. The samples were cut and polished into desired dimensions (thickness 2 mm). The excess prepared samples were ground into powder form for XRD and FTIR measurement. The density of the samples was determined by the Archimedes principal method and the molar volumes were calculated. The glassy state of the system was conducted by X-Ray diffraction measurement by using X'pert Pro Panalytical. The IR spectra were recorded using Fourier Transform Infrared Spectroscopy (FTIR) in the frequency 280-4000 cm -1 at room temperature. The dielectric constant and dielectric loss were characterized in the temperature range of 50 ℃ -200℃ over frequency range 10 -2 Hz -10 6 Hz using High Dielectric Resolution Analyzer (Novo-Control).
Results and Discussion

Density and molar volume discussion
The density measurement is a very important tool to detect the structural change in the glass network. Similarly the molar volume can be used to describe the network structure and arrangement of the network structure and arrangement of the building unit. The density of the glass samples was determined by standard Archimedes principles at room temperature and molar volumes were estimated quantitatively. In general, it is expected that the density and the molar volume should show opposite behavior to each other but in the studied glass the density and the molar volume increase with increasing of erbium content as shown ( Figure 1 and Figure 2 ). Figure 1 shows that the density of EZBT glass is increased with the addition of Er 2 O 3 content. The values obtained were shown in Table 1 . The densities range from 3.630 g/cm 3 to 3.960 g/cm 3 ( Table 1 ). The increase in the density is related to the high dense Er 2 O 3 (8640 kg/m
3 ) compared to that of TeO 2 (5670 kg/m 3 ). This change in density by the addition of Er 2 O 3 is also related to the change in the atomic mass and atomic volume of constituent elements. The atomic weight of erbium oxide is 167.259 g/mol which is heavier than the atomic mass of ZnO (81.408 g/mol), B 2 O 3 ( 69.620 g/mol) and TeO 2 (159.608 g/mol). Each ion from the trivalent cation Er 3+ will produce non-brindging oxygen. The degree of crosslinking in those glasses is progressively degraded as the mole fraction of Er 2 O 3 is increased. As a result, the increase in density of glass samples also due to change in coordination number, cross-link density and dimensional interstitial space and structural compactness [1, 2] . Molar volumes are found to be increased with increase of Er 2 O 3 content but slightly decrease at 0.04 mol % of erbium ( Figure 2 and Table 1 ). The molar volume (V m ) of the glass samples has been calculated according to
The increasing amount of molar volume is due to the atomic radius of Er 3+ (1.78Å) which is higher than that of tellurite (1.60Å). Besides, it is due to the increase of non-bridging oxygen and decrease of bridging oxygen as can be seen in FTIR discussion. In this glass system the number of the [TeO 4 ] groups with non-bridging oxygen increase, this can be seen form FTIR results. FTIR spectra show that trigonal pyramidal [TeO 3 ] structural units are transformed to trigonal bypiramidal [TeO 4 ] units. The slightly decrease amount of molar volume at 0.04% mol could be that the rearrangement of the lattice and compact structure of the glass [3] . Another possibility is the decreased of the bond length between the atoms which may increase in the stretching force constant of the bonds in the glass network. This may results with more compact and denser glass [3] . It also known that, B 2 O 3 consisting of boron atoms three-fold coordinated with oxygen and will cause an association transformation of BO 4 coordination into BO 3 coordination when rare eart oxide is added. Thus, the number of BO 3 unit increase causes the increase of NBO and this responsible for the decrease in molar volume the sample 0.04 mol %. As a result, the creation of NBO, which break the bond of zinc borotellurite host glass, will increase the distance between structural groups of the studied glasses system. The larger the values of ionic radii between them will increase the overall molar volume of the glass system. 
Fourier Transform Infrared (FTIR)
The FTIR spectroscopy is an analysis method which provides functional groups in crystalline and non-crystalline materials. The FTIR spectrum in the region 400-2000 cm -1 is shown in Figure 3 . The peaks positions and their assignments are shown in Table 2 . The transmission spectra of the glass studied consist three wide absorption bands 656-664cm 
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tellurite containing glass system. The absorption band at 806 cm -1 it indicates the absorption band frequency of pure borate glass, B 2 O 3 which indicates the characteristics of boroxyl ring. This band disappears during the formation of glass network which means no boroxyl rings in the glass structure. The BO 3 and BO 4 groups were introduced after the glass formation and these groups were bonded in the formation of random network. This corresponds to the substitutions of BO 3 and BO 4 into the glass network [4, 16] . The assignment of IR bands to specific vibrations in borate groups will be based on the work of Krogh-Moe [18] . The transmission spectra of borate glass can be divided into three regions: (1) 3 units from varied types of borate groups. It can be seen that the band of ZnO does not appear in the in the spectra which means the zinc lattice is completely broken down. The absorption spectra for erbium vanished during the glass formation which may be due to the fact that the low concentration doping of erbium oxide could not be detected by the instrument. 
X-ray Diffraction(XRD)
The results shows that XRD patterns of the EZBT glass samples (Figure 4 ) did not reveal any discrete or sharp peaks but broad humps, the characterististics of amouprhous materials show at Figure 5 shows plots of the dielectric constant ( ′) with change in frequency for glass 0.05 mol% at various temperatures. It can be noticed that the value of ( ′) decrease with increase of frequency due to the dielectric dispersion resulting from the lag of the polarization process of the molecules behind the alternations of the applied electric field. The polarization of such glasses results from the vibrational configuration group. The lattice defects results from the deformation of the oxygen around tellurite and the boron ions. From the Figure 5 , dielectric constant increases at low frequency with temperature which is normal in oxide glasses and it is not an indication for spontaneous polarization [20] . The features of dielectric can be explained by fact, at low frequencies the electronic, ionic, dipolar and interfacial polarizations contribute to the dielectric constant. The variation of ( ′) with frequency is related to the polarization of ions behind the applied field. The contributions of interfacial polarization occur at frequency below 100 Hz because of due to ionic motion in the presence of an electric field. At low frequency (below 100Hz) the mobile charges, usually impurity ion diffuse under the influence of the applied with the alternating voltage. According to the previous work [4] , erbium ions, Er 3+ have cation polarizability equal to 2.253 A 3 , where its polarizability is much higher than tellurite (1.595 A 3 ), zinc (0.283 A 3 ) and borate (0.002 A 3 ). Based on this study, we can assumed that Er 3+ is easier to be polarized due to trivalent Er 3+ and possess high polarity which tends to form non-bridging oxygen. Hence, formation of non-bridging oxygen will increase the polarisation mechanism and this will increase the value of dielectric constant. As frequency increases, the electron hopping cannot follow the dielectric field fluctuations causing the dielectric to decrease as found in this study. Besides that, the ionic motions are sensitive to the frequency of the alternating field and cannot follow the field variations at higher frequency [20] . From Figure 5 , dielectric constant approaching constant after 1 kHz, may be due to the decreasing number of dipoles which contributes to polarization. The frequency dependence of dielectric loss, ε" is shown in Figure 6 . The contribution to the dielectric loss is mainly attributed to thermally activated relaxation of freely rotating dipoles where thermal energy is the only type of relaxation loss at higher temperatures due to electrical conduction due to hopping process. The variation of dielectric loss ε", clearly is observed in plotting graph the dielectric loss, ε" in logarithm scale decreasing steeply with increasing frequency and temperature. However, there is small broad 
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dielectric loss absorption can be observed at a certain frequency and shifted towards the higher frequency with increase in temperature. The appearance of dielectric loss absorption band, may be due to the energy degenerated from movement and vibration of free charge and the dipole polarization in the glass network. The dielectric loss ε", decreases monotonously with increase in frequency and become minimum at high frequencies irrespective of temperature is due to migration of ions [21] . Ions migration is the major source of dielectric loss at lower frequencies. Accordingly, the higher values of dielectric loss at low and moderate frequencies may be attributed to the contribution arising from both ion jump and conduction loss in addition to the electron polarization loss. At higher frequencies the ions vibration may be the only source of dielectric loss. In addition, according to El-Hadi [22] , the appearance of dielectric loss absorption band at higher frequency, may due to the energy degenerated from the movement and vibration of free charge and the dipole polarization in the glass network. After that, the dielectric loss ε" decrease to a lower value at 1MHz which is only contributed by the vibrations of ions. Figure 7 and Figure 8 shows that the variation of dielectric constant ( ') and dielectric loss factor ( '') in temperature range 50 -200 ℃ at frequency 100 Hz respectively. In Figure 7 , it can be see that the ' increases with increase in temperature and increases more rapidly at high temperature through the whole range which means charge carries play a great role in the glass system which affects the values of the dielectric constant and dielectric loss. This behaviour is typical to the polar dielectrics in which the orientation of dipoles is facilitated with rising temperature and thereby the dielectric constant is increased. Also, the increase in the dielectric constant with temperature means the increase of orientation polarization of the lattice defects, polar portions in the amorphous phase and the increase in the number and the translational motion of the free charges. These phenomena occur due to the forming of NBO in the structure of the glass. At low temperatures, the contribution of electronic and ionic components to the total polarizability will be small. The increase of ɛ r ' with temperature is usually associated with decrease in bond energies [23] . That is, as the temperature increase two effects on the dipolar polarization may occur. First, it weakens the intermolecular forces and hence enhances the orientation vibration. Second, it increases the thermal agitation and hence strongly disturbs the orientation vibrations. As the temperature is increased the electronic and ionic polarizability sources start to increase [21] . This may be due to the fact that as the frequency increases, the polarizability contribution from ionic and orientation sources decreases and finally disappears due to the inertia of the ions.
Temperature dependence of the dielectric properties
In addition, it can be seen that the dielectric loss increase with increase in temperature ( Figure  8 ) may be attributed to the fact that, at low temperature the relaxation loss is the main contributor and the present system it may be greater than the conduction loss. As the temperature increases, the relaxation loss reduces and hence the conduction loss increase more rapidly. As conclusion, due to this mechanism, the dielectric loss factor (ɛ") increase with temperature at low frequency. 
Conclusions
The dielectric properties (dielectric constant, ', and dielectric loss factor, ") of {[ ( 6 Hz and in a temperature range from 50 ℃ -200℃. Density and molar volume increase with composition. The increase in density is due to higher atomic weight of erbium oxide compare to tellurite. The molar volume is increased with an increase of erbium oxide due to the larger value of erbium oxide ionic radii than other oxide in this glass system. Dielectric constant and dielectric loss factor of all samples decreased with increase in frequency but increase as temperature increases. As frequency decrease, ' increases with temperature due to electrode polarization which cause space charge accumulation at the glasselectrode interface. In addition, the increase in the ' with temperature shows the increase of orientation polarization and the increase in the number and the translational motion of the free charges. Meanwhile, the increases of "with temperature is attributed to an increase of ion migration rate.
